The importance of local communities relying on fisheries is constantly emphasised in the European Union's Common Fishery Policy. Previous studies have analysed fishery employment for the entire EU based on statistical figures aggregated by administrative units at the regional or provincial level. This paper adopts a geographical approach to identify EU coastal communities relying on fisheries using accessibility analysis, principles at the basis of gravity models and disaggregated population and employment statistics. The dependency on fisheries is calculated comparing estimated employment from fisheries at each port with general employment in the areas of accessibility surrounding the port. By considering spatially disaggregated statistics the importance of fishing activities for specific local communities emerges more clearly in respect of previous studies. The map of fisheries dependent coastal communities identifies in 2010, 388 communities, out of 1697, with dependency ratios above 1%. Around 54% of total fishery employment is estimated in these areas. In terms of policy support, identifying and mapping these local fishing coastal communities is of key importance considering the strong priority assigned by the new European Union's Common Fishery Policy to fishery management at the regional level.
Introduction
The fishing and aquaculture sectors often play a crucial role in EU coastal areas and many coastal communities rely on these activities for their income having limited possibilities for economic diversification. The European Commission in the new Common Fishery Policy is committed to actively promote growth and improve employment opportunities in coastal fisheries and aquaculture-dependent communities (European Commission, 2011) . This priority is in line with the more general target of the Europe 2020 strategy to reach a ratio of 75% of employment for the 20-64 year olds by 2020.
For a relatively small sector like fisheries, specific policy and fishery management measures in certain regions are required in consideration of the social and economic importance that fleets, and especially small-scale coastal fleets, may play in these regions. This is of particular relevance in order to avoid potential negative impacts of fisheries measures on dependent communities.
Several studies have been aimed at measuring the contribution of fisheries to employment in coastal areas and identifying coastal communities relying on fisheries. At global level fisheries employment amounts to a total of 50 million persons in the catching sector and 210 million in the processing sector (Teh & Sumaila, 2011) . The estimates by Teh and Sumaila (2011) combine fisheries employment information in 144 countries with a model to assess the contribution of small scale fisheries and population data in low-elevation coastal zones from the Socioeconomic Data Application Centre (McGranahan et al., 2007) .
In the EU, the relevance of fisheries employment and the regional dependency on fisheries has been assessed for coastal regions comparing statistics on the employment in the fishery sector and on general employment at provincial (NUTS-3) and at regional (NUTS-2) level (Goulding et al., 1999 and Salz & Macfadyen, 2007) . According to Salz & Macfadyen (2007) , in 2005 the total employment of the fishery sector, including aquaculture, processing and catching activities, amounted to about 407,000 persons representing 0.2% of total EU employment. Considering only the catching sector the employment was estimated in 187,200 jobs (0.09% of total EU total employment).
Given the concentration of the fishing industry, the Edinburgh European Council of December 1992 officially recognized the existence of Areas Dependent on Fishing and the need to give them special attention. On the basis of 1997 data, around 34 areas with a rate of dependency on the sector between 3% and 15% were identified at NUTS-3 level and around 30 areas with a rate between 20% and 60% at local administrative units level (European Commission, 2001 ).
Studies on fishery employment for the EU rely on one side on economic data on the performance of the fishing sector collected and assembled through the EU Data Collection Framework (DCF) (European Commission, 2008) , and on the other side on official employment statistics available from EUROSTAT at NUTS-3 level. The fishery economic data of the DCF is collected by the Member States (MS) through sampling programs by length classes and main gear and assembled at EU level by the Joint Research Centre by country and fleet segment. This data lacks detailed geographical references to regional, provincial or local administrative units. In the case of biologic and transversal data the spatial reference to fishing areas provides a mean to perform spatially explicit bio-economic modeling and to relate fishing effort to fish stocks in specific sea areas. However on the "land side" the high spatial aggregation of economic variables by country hinders at the moment the possibility of performing regional socioeconomic studies with EU coverage.
The need for spatially disaggregated data at more finely defined geographical scale has been in general recognized as important for regional analyses (European Commission, 2012) . This need is particularly relevant when considering the socio-economic role of the relatively small EU fishing industry, which is mostly affecting local communities. The purpose of this paper is to provide a method to overcome the current limitations in data availability for regional socio economic studies for the fisheries sector at EU level. In particular the focus is to analyze fisheries employment at more refined geographic scale and to identify and map coastal communities for which fishing activities are particularly relevant.
As first step we disaggregate spatially, fisheries employment national figures using detailed information on vessels at each port from the Community Fleet Register. As second step, we refer to a method which combines CORINE land cover with information from a soil sealing layer to produce so-called dasymmetric maps of population densities. (Gallego et al., 2011 and Batista e Silva et al., Unpublished results). The high resolution disaggregated population data provided by these maps is used as proxy to disaggregate general employment from official statistics at regional level.
As third step we use accessibility analysis to define areas of influence of fishing ports (hereafter Fisheries Service Areas or FSA). We follow the approach of gravity models which represent flows of goods and people between locations as being proportional to the relative offer and demand at the place of origin and of destination and inversely proportional to distance. This approach has been applied successfully in many areas of economic geography such as the analysis of international trade, human migration and the definition of areas of influence of commercial centers (Huff, 1963) . Recent developments are giving stronger theoretical foundations to the model and providing wider acceptance among economists (Anderson, 2011) . In relation to the analysis of labor market, gravity models reflect the tendency of people to gravitate towards job opportunities closer to their place of living. While job opportunities generate an attracting force in respect of residential areas, high distance, low accessibility and long commuting time influence negatively the probability of a person being employed at a given location. More in general the analysis of accessibility in respect of geographical focal points of attraction gives the possibility to define areas of economic influence mirroring human behaviors in a geographical context rather than simply referring to aggregation by administrative units such as provinces or regions. Following this line EUROSTAT defined so called Maritime Service Areas considering the areas of attractiveness and inland influence in respect of focal points of attraction (ports and coastal settlements) along the EU coastline (Trifonov et al., 2011) . We extend the same approach considering fishing port as the main point of interest for job opportunities.
As final step we combine the estimate of the expected employment generated by fishing activities at each port and the general employment falling in the boundaries of the areas of influence of the fishing ports. The ratio between the two figures represents the relevance of fishing activities in terms of employment opportunities for the surrounding areas and is used as measure for the identification of rate of dependency of coastal communities on fishing activities.
The application of spatial analysis methods to the EU fishery sector gave the possibility to map coastal communities relying on fisheries for the entire EU. This result is important for targeting and assessing the impacts of the Common Fishery Policy that is calling for the adoption specific measures for fishery dependent coastal communities. Further studies may be foreseen by disaggregating spatially more fisheries socio-economic data to look at impacts on the "land side" of fisheries policies at a local and regional scale while maintaining a general EU coverage
Methods

Disaggregation of fishery employment
Data on fishing ports and on the composition of the EU fishing fleet was obtained from the Community Fleet Register (European Commission DG MARE, 2012). The register includes information on size, main gear, power and port of registration for commercial fishing vessels. The register contains the full history of each vessel indicating changes in the registration and licensing status. By selecting the active vessels with an operating license at a given date it was possible to reconstruct the fleet composition by port over time.
The fleet register provides in some cases coordinates of the fishing ports, however this information is not always accurate and complete. A geo coding exercise was performed to complete and verify the port coordinates using port and country names and references to administrative units. The results of automatic geo coding services provided by Google Earth Pro and coordinates from the World Port Index were compared with declared coordinates in the fleet register and checked for consistency with the distance from the coastline to get the most reliable positions for fishing ports.
An essential assumption in this study is that the port of registration in the fleet register corresponds to the main location on land where the economic activity of the vessel can be related and where employment opportunities are most likely generated. This is important more in general for the possibility of disaggregating economic data from DCF in a more refined spatial resolution. While more detailed spatial data is available at MS level and from logbooks and, for larger vessels, from the Vessel Monitoring System, the fleet register offers a unique opportunity to perform regional socio-economic studies for the entire EU. In order to verify the reliability of this assumption an analysis of the areas of activity of a sample of vessels for one country and year was conducted using anonymous data on the origin and destination of fishing trips and the volume and places of landings.
To get an estimate of the employment generated by the fishing sector at each port a cross-sectional linear model was fitted using the fleet compositions and employment figures at national level between 2004 and 2010 from the Scientific, Technical and Economic Committee for Fisheries (STECF) annual economic reports on the fishing fleet (STECF, 2011) . The model, defined by the following equation, is based on a simplified relation between employment and three main length vessel length classes independently of time, country and specific characteristics of the vessels (see table 1 for the model summary statistics)
Where E is the total national employment for catching activities between 2003 and 2010, and v 1 v 2 and v 3 are the number of vessels registered as active respectively in the length classes below 12 meters, between 12 and 24 meters and above 24 meters.
The parameters for each vessel length class obtained from the model were applied to the vessels in each port at the beginning of each year to calculate potential employment generated by the fishery sector between 2004 and 2010.
Delineation of areas of influence for fishing ports
The analysis of accessibility was performed to delineate the areas of influence of individual fishing ports. The inputs for the analysis were a point dataset with the location of fishing ports and the Tele-Atlas MultiNnet 2009 data set, which provides comprehensive road and ferry lines information for network analysis and routing applications. The FSA were calculated from these datasets using the ESRIs ArcInfo Network Analyst tool. The tool found the nearest section of the road network to the fishing port as the starting point for the FSA calculation. It then generated for each fishing port a polygon covering all accessible streets and ferry connections within the specified impedance of 25 minutes from the port. A single commuting time of 25 minutes across the EU 27 was used on the basis of The Fourth Survey of Working Conditions, which is indicating that workers in the EU spend on average 21 minutes each way for traveling to and from work.
Calculation of reference employment data and comparison with fisheries employment
Data on employed persons at NUTS-3 level was obtained from official EU statistics on active population and unemployment rates. Missing data in the time series were inputted by linear interpolation.
The NUTS-3 general employment was disaggregated spatially on the basis of the population densities from the high resolution map for Europe (Batista e Silva et al., Unpublished results). The map covering the EU territory (except Greece) gives in raster format for each cell of 100x100 meters the estimated population counts from original population statistics at commune level from the 2006 national census.
By summing up the population values for each cell falling in the FSA it was possible to calculate the number of people gravitating in the area of accessibility of the corresponding fishing port. In the case of neighboring ports with partially overlapping FSA, population values extracted from cells in the areas of intersection were divided by the number of FSA insisting on the cells. In other words the population of the FSA was calculated as the sum of entire cell values for cells falling only in one FSA and of a portion of the cell value for those falling in more than one FSA.
The number of employed people was calculated from the population values in proportion to the ratio between population and employed persons at NUTS-3 level.
In the case of Greece and Cyprus, given the lack of coverage in the EU population map the disaggregation of employment figures at NUTS-3 level was carried out considering a uniform distribution of population on the basis of the surface of the FSA.
Finally, the ratio between potential jobs opportunities generated by the fishing sector against the total employed population gravitating on the fishing ports was used as the measure to express the relevance of fishing activities for the local communities (see figure 1 for an outline of the methodology).
Results
While major fishing ports were directly geocoded through references in the World Port Index, the geocoding of minor fishing ports in the fleet register was not always possible due to spelling errors or to local names not being included in the reference lists of ports and places. Out of a total of 2,051 ports in the fleet register the geo coding was considered acceptable in 1,756 of cases (86%). The study although not applicable to all fishing ports in the fleet register covers 79% of the total number of vessels and 83% of total gross tonnage of the EU fishing fleet.
The linkage of vessels to the port of registration in the fleet register is a key assumption for allocating the fishery employment to a specific geographical location. To prove the robustness of this assumption a sample of 2,153 vessels from the fleet register and 53,160 fishing trips from logbook data of one MS in one year was analyzed. The results showed that 71% of vessels had between 100% and 80% of their trips leaving or departing from the port of registration. Around 74% of trips left or arrived at the port of registration or at ports within 10 km from the port of registration. Around 75% of the number, 57% of the quantity and 63% of the value of landings was at either at the port of registration or at ports within 10 km from the port of registration. These results prove that overall the pattern of activity of the vessels has a robust linkage with the port of registration. This linkage, as expected, is particularly strong for small and medium size vessels and becoming weaker as vessel size increases.
In 2010 the employment in the fishery sector estimated from the model (eq. 1) for the geo coded ports was of 122,300 jobs representing 82% of the jobs estimated for the total EU fishing fleet. These jobs were associated for 44.1% to vessels of length below 12 meters, for 21.0% to vessels between 12 and 24 meters, and for 34.8% to vessels above 24 meters.
The FSA defined on the basis of the transport network covered a total area of 710,253 square km with an average area of 404 square km.
In 2010, the population living in these areas amounted to a total of 110,999,640 persons. Considering the active population and unemployment rates the total employment in the FSA was of 45,843,529 persons.
Overall the ratio of employment in the fisheries catching sector against the general employment in the FSA was of 0.26%. The specific ratio for each FSA was below 1% in 1307 cases, from 1 to 5% for 295 cases, from 5 to 10% for 64 cases and above 10% for 29 cases ( figure 3 and 4) . A total of 66,621 jobs in the fishing sector (54.4% of fishing jobs) were generated in ports for which the relevance in respect of the surrounding FSA in terms of employment was above 1% and 22,767 jobs (18.0% of fishing jobs) in ports for which the relevance was above 5%.
For 2010 there have been identified in the analysis 83 fishing ports with a high dependency of the employment on the fisheries sector (ports with more than 10 persons employed in the fishing sector and where the direct fishing employment represents more than 5% of the total jobs in the area). Figure 5 shows the 26 fishing ports having more than 10 persons employed in the fishing sector and in which the relevance of the fishing activities is particularly high (ratio above 10%). In table 2 there are presented the number of ports by country with more than 10 fishers employed according to their dependency ratio, while in table 1 from the annex it can be seen the details for these 83 ports. 
Discussion
The fact that in some countries the number of fishing jobs reported in fishery statistics is lower than the number of fishing vessels registered as active is a sign that the fishing fleet is in many cases underutilized. The model which is linking on one side employment from official statistics and fleet consistencies in the fleet register is taking into account of potential underutilization in an averaged way across MSs, years and fleet segments. The under utilization rate and the actual employment associated to a vessel may vary in function of the fishing effort and specific fisheries characteristics such as type of gear used and main species targeted. With the aggregated employment data available at national level it was not possible to fit a more detailed model taking into account these more specific characteristics; therefore employment figures for the fishing sector estimated in this study have to be considered in terms of average employment rather than actual employment linked to specific levels and types of fishing activity. Further research may be foreseen to design a more refined model on the basis of disaggregated data and to link employment with the specific characteristics of the fisheries, their level of activity and other economic variables.
This study gives the possibility to identify the fishing communities at the right geographical scale. The definition of FSA is based on the calculation of accessibility using a fixed threshold of 25 minutes of commuting time. The consideration of time instead of Euclidean distance offered a more realistic representation of accessibility and allowed to capture the specific geographical characteristics determining remoteness and isolation which are particularly relevant in the case of fishing ports located on small islands. This threshold although based on statistics on average commuting time would need to be further validated considering empirical evidence specifically for the employment in the fishing sector.
By simplifying the underlying idea behind gravity models the FSA represent accessibility boundaries which indicate in binary terms the existence of potential employment flows towards job opportunities in the fishing ports. This is a simplification of gravity models in two respects: distance is not considered as a continuous variable and the relative importance of origin (populated areas) and destination (fishing ports) are not explicitly used to quantify the intensity of employment flows along all possible combinations of origins and destinations. This simplification is needed for computational reasons given the scale of the study covering the entire EU and justified by the fact that the main aim of the analysis was not so much in assessing relations between specific residential places and fishing ports but to map their areas of influence.
Once defined the areas of accessibility, the relevance of fishing ports in terms of employment opportunities was quantified by the ratio of employment expected from the fishing sector and overall employment conditions in the areas. Instead of comparing the fishery employment with general employment in an administrative region the FSA allowed to consider employment in a closer surrounding and to reflect more realistically geographical features, accessibility and the tendency of people to gravitate towards job opportunities close to their place of living.
With this approach the importance of fishing ports in fisheries dependent communities is emphasized on one side by the presence of a large number of fishing vessels and on the other side by the presence of surrounding areas sparsely populated, with high unemployment rates and poor accessibility. All these factors correspond to well known categories in the definition of disadvantaged regions in regional policies.
In the previous study by Eurostat (REF) , the Maritime Service Areas were overlaid with local administrative units and the relevance of costal activities was assessed for the local administrative units in terms of percentage of their surface falling in the Maritime Service Areas. Population affected by the Maritime Service Areas was than estimated proportionally to this overlapping surface considering uniform density distributions from census data. In this study the perspective is reversed and what is measured is the relevance of each FSA on the basis of the size of employment generated by the fishing ports in comparison to the population -and associated employment -gravitating in the FSA. This reversing of perspective represents a shift from an administrative reference in the consideration of statistics and economic relevance towards a geographical one. Instead of using predefined geometries based on administrative boundaries, areas of influence are drawn considering accessibility and the reference population is captured using a more precise disaggregation method based on the land cover ancillary information rather than a uniform density distribution. A consequence of considering overlapping FSA instead of spatially separate administrative units is that the population groups in the areas of intersection may be gravitating at the same time towards several fishing ports. The double counting of reference population data would bring to an underestimation of the relevance in the case of neighboring fishing ports with overlapping FSA. To address this issue the population counts from the areas of intersections were divided in equal parts among the relative fishing areas letting people gravitate exclusively towards one of the overlapping fishing ports. This corresponds again to a simplified application of a gravity model in which equal probabilities are applied to determine the shares of population migrating towards competing focal points of attraction independently from specific distance and size of the connected population centers and focal points.
Previous studies (REF) indicate a rate of contribution of 0.09% from the catching sector to EU general employment in 2005. In this study it is estimated that in 2010 the overall relevance of the fisheries employment in respect of general employment in the surrounding FSA was of 0.27%. This result is in line with estimates considering figures at regional and provincial (NUTS2 -NUTS3) level. This increase in the importance of the fisheries sector to create employment is not due to an increase over time of the fisheries sector importance, but on a more precise geographical level. Previous studies show the fisheries employment in the overall EU economy, while this study focuses on the analysis of coastal communities, and so on investigating the existence of fisheries dependent areas. In fact, as can be seen from table 3, the significance of fisheries as a creator of employment in coastal communities has decreased. Figure 3 shows the geographical distribution of the fishery dependent communities. From the figure it can be seen a major dependency of communities on fisheries in the northern area of the EU, while one could initially expect southern (Mediterranean) communities to be more dependent. This can be explained by the existence of large populated areas along the Mediterranean coast together with good transport infrastructures which imply that most fishing ports are not distant from populated centers.
Since fishery employment is estimated from the fleet structure it is possible to assess the relevance of fishing ports separately for each vessel length category and, in this way, to consider separately local impacts deriving from the different types of employments. It is therefore possible to monitor and analyze the impact of different management measures on the coastal communities, and in particular on the ones with a high dependence on the fisheries sector. For example, if an hypothetic introduction of ITQs (or some sort of individual property rights) would lead to a concentration of the sector and consequently a reduction of the artisanal fleet this will also affect the coastal communities on a different degree depending on the importance of the artisanal fleet in the employment creation of each community.
Conclusions
The innovation of this study is in the adoption of spatial methods and a geographical perspective rather than an administrative perspective for estimating contribution of fisheries to local economies at an EU scale. This approach allowed to identify and map specific local communities in which given the conditions of accessibility, employment and size of the fishing fleet the dependence from fishing activities can be considered particularly relevant with ratios of employment in the fishing sector against general employment above 1%. Monitoring these communities, or a sample of them, would help to analyze the socio-economic effects of different fishery policies in these particularly sensible areas. Furthermore, these communities merit specific policy actions aimed at preserving job opportunities in the fishing sector as underlined by the undergoing reform of the EU Common Fishery Policy. Figures Figure 1 : Outline of the methodology of the study. Detailed information in the fleet register is used to estimate fishery employment at each fishing port disaggregating spatially national figures available through the EU"s DCF. The Fishing Service Areas are defined by considering the transport network and the threshold of 25 minutes of travelling time from fishing ports. The reference general employment in these areas is calculated extracting population counts from the population grid at 100x100 meters resolution. Finally the relevance of fishing ports is determined as ratio of estimated fishery employment and reference employment in the respective Fishing Service Area.
Tables
Figure 2 : Pattern of activity for a sample of vessels for one MS and one year from the fleet register, and trips from log book data. The charts show that most vessel have 100% of trips leaving or arriving at the port of registration, (upper left) and that most of the trips (lower left), nr of landings (upper right) and to lesser extend the value of landings (lower right) are linked either at the port of registration or other ports within few km form the port of registration.
Figure 3 : Fishing Service Areas were defined for 1,756 fishing ports representing around 80% of the fishery sector of the EU. Local communities relying on fisheries were identified using the ratio between estimated fishery employment and reference employment in the respective fisheries service areas. Proportional symbols and labels are plotted for fisheries service areas with a ratio above 5%.
Figure 4 : Number of fishing ports (left) and corresponding values of employment in the fishery sector (right) by relevance of the surrounding service areas. Around 53% of fishing jobs are generated in areas where fishery employment represents more than 1% of total employment.
Figure 5 : Fishing ports for which the generated employment represents more than 10% of total employment in the surrounding service areas. Local communities around these fishing ports can be considered highly dependent on fishing activities.
